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(57) ABSTRACT

What is described is a wear resistant seal system that is
adapted for resisting wear of a rotating part in a gas turbine
engine as it rotates against a stationary part in the engine.
The system includes an axially rotable member including an
abrasive tip having a first tensile strength. The system also
includes a stationary structure radially exterior and adjacent
to the rotable member and including an abradable material.
The abradable material includes a matrix material having a
second tensile strength that, at least in a first temperature
range, is lower than the first tensile strength and a filler
material interspersed with the matrix material.
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1
COMPRESSOR ABRADABLE MATERIAL
SEAL WITH TAILORED WEAR RATIO AND
DESIRABLE EROSION RESISTANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a nonprovisional of, and claims prior-
ity to, and the benefit of U.S. Provisional Application No.
62/097,415, entitled “COMPRESSOR ABRADABLE
MATERIAL SEAL WITH TAILORED WEAR RATIO
AND DESIRABLE EROSION RESISTANCE,” filed on
Dec. 29, 2014, which is hereby incorporated by reference in
its entirety.

FIELD

The present disclosure relates generally to an abradable
material, and more particularly, to seals formed by an
abrasive tip and an abradable material.

BACKGROUND

Gas turbine engines typically include rows, or stages,
alternating between rotating blades and stators enclosed
within an abradable material housing. The rotating blades
rotate about an axis. It may be desirable to seal the separate
stages so that air leakage does not occur. Accordingly, the
abradable material housing may include an abradable mate-
rial positioned around each row of rotating blades. During
the first run of the gas turbine engine (i.e., the “green run,”)
the tips of the rotating blades abrade the abradable material.
Eventually, the tips of the rotating blades are close to the
abradable material of the abradable material housing, thus
reducing airflow around each row of rotating blades.

SUMMARY

The foregoing features and elements may be combined in
various combinations without exclusivity, unless expressly
indicated otherwise. These features and elements as well as
the operation thereof will become more apparent in light of
the following description and the accompanying drawings. It
should be understood, however, the following description
and drawings are intended to be exemplary in nature and
non-limiting.

What is described is a wear resistant seal system that is
adapted for resisting wear of a rotating part in a gas turbine
engine as it rotates against a stationary part in the engine.
The system includes an axially rotable member including an
abrasive tip having a first tensile strength. The system also
includes a stationary structure radially exterior and adjacent
to the rotable member and including an abradable material.
The abradable material includes a matrix material having a
second tensile strength that, at least in a first temperature
range, is lower than the first tensile strength and a filler
material interspersed with the matrix material.

Also described is wear resistant seal system, adapted for
resisting wear of a rotating part in a gas turbine engine as it
rotates against a stationary part in the engine. The system
includes an airfoil configured to rotate about an axis in a
compressor or a turbine of the gas turbine engine. The
system also includes an abrasive tip positioned on the airfoil
and having a first tensile strength. The system also includes
a stationary structure radially exterior and adjacent to the
airfoil. The stationary structure includes an abradable mate-
rial that includes a matrix material having a second tensile
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strength that, at least in a first temperature range, is lower
than the first tensile strength. The stationary structure also
includes a filler material interspersed with the matrix mate-
rial.

Also described is a wear resistant seal system that is
adapted for resisting wear of a rotating part in a gas turbine
engine as it rotates against a stationary part in the engine.
The system includes an axially rotable member having an
abrasive tip comprising a composition that by weight con-
tains between 17% and 21% chromium, between 2.8% and
3.3% molybdenum, between 50% to 55% nickel, and
between 4.75% and 5.5% niobium. The system also includes
a stationary structure radially exterior and adjacent to the
rotable member. The stationary structure includes an abrad-
able material that includes a matrix material comprising
CusAl, CugAl, Fe, CuygNi or a variant of a group of nickel
alloys comprising nickel, copper, iron, manganese, carbon
and silicon.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly
pointed out and distinctly claimed in the concluding portion
of the specification. A more complete understanding of the
present disclosure, however, may best be obtained by refer-
ring to the detailed description and claims when considered
in connection with the drawing figures, wherein like numer-
als denote like elements.

FIG. 1 is cross-sectional view of an exemplary gas turbine
engine, in accordance with various embodiments;

FIG. 2A illustrates a system for forming a seal including
a rotating blade within an abradable material housing, in
accordance with various embodiments;

FIG. 2B illustrates a portion of the system of FIG. 2A
including an interface area between the rotating blade and
the abradable material housing, in accordance with various
embodiments; and

FIG. 3 illustrates a block diagram of an abradable mate-
rial.

DETAILED DESCRIPTION

The detailed description of exemplary embodiments
herein makes reference to the accompanying drawings,
which show exemplary embodiments by way of illustration
and their best mode. While these exemplary embodiments
are described in sufficient detail to enable those skilled in the
art to practice the inventions, it should be understood that
other embodiments may be realized and that logical, chemi-
cal and mechanical changes may be made without departing
from the spirit and scope of the inventions. Thus, the
detailed description herein is presented for purposes of
illustration only and not of limitation. For example, the steps
recited in any of the method or process descriptions may be
executed in any order and are not necessarily limited to the
order presented. Furthermore, any reference to singular
includes plural embodiments, and any reference to more
than one component or step may include a singular embodi-
ment or step. Also, any reference to attached, fixed, con-
nected or the like may include permanent, removable, tem-
porary, partial, full and/or any other possible attachment
option. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or mini-
mal contact.

As used herein, “aft” refers to the direction associated
with the tail (e.g., the back end) of an aircraft, or generally,
to the direction of exhaust of the gas turbine engine. As used
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herein, “forward” refers to the direction associated with the
nose (e.g., the front end) of an aircraft, or generally, to the
direction of flight or motion.

In various embodiments and with reference to FIG. 1, a
gas turbine engine 20 is provided. Gas turbine engine 20
may be a two-spool turbofan that generally incorporates a
fan section 22, a compressor section 24, a combustor section
26 and a turbine section 28. Alternative engines may
include, for example, an augmentor section among other
systems or features. In operation, fan section 22 can drive
coolant along a bypass flow-path B while compressor sec-
tion 24 can drive coolant along a core flow-path C for
compression and communication into combustor section 26
then expansion through turbine section 28. Although
depicted as a turbofan gas turbine engine 20 herein, it should
be understood that the concepts described herein are not
limited to use with turbofans as the teachings may be applied
to other types of turbine engines including three-spool
architectures.

Gas turbine engine 20 may generally comprise a low
speed spool 30 and a high speed spool 32 mounted for
rotation about an engine central longitudinal axis A-A'
relative to an engine static structure 36 via several bearing
systems 38, 38-1, and 38-2. It should be understood that
various bearing systems 38 at various locations may alter-
natively or additionally be provided, including for example,
bearing system 38, bearing system 38-1, and bearing system
38-2.

Low speed spool 30 may generally comprise an inner
shaft 40 that interconnects a fan 42, a low pressure (or first)
compressor section 44 and a low pressure (or first) turbine
section 46. Inner shaft 40 may be connected to fan 42
through a geared architecture 48 that can drive fan 42 at a
lower speed than low speed spool 30. Geared architecture 48
may comprise a gear assembly 60 enclosed within a gear
housing 62. Gear assembly 60 couples inner shaft 40 to a
rotating fan structure. High speed spool 32 may comprise an
outer shaft 50 that interconnects a high pressure (or second)
compressor section 52 and high pressure (or second) turbine
section 54. A combustor 56 may be located between high
pressure compressor 52 and high pressure turbine 54. A
mid-turbine frame 57 of engine static structure 36 may be
located generally between high pressure turbine 54 and low
pressure turbine 46. Mid-turbine frame 57 may support one
or more bearing systems 38 in turbine section 28. Inner shaft
40 and outer shaft 50 may be concentric and rotate via
bearing systems 38 about the engine central longitudinal
axis A-A', which is collinear with their longitudinal axes. As
used herein, a “high pressure” compressor or turbine expe-
riences a higher pressure than a corresponding “low pres-
sure” compressor or turbine.

The core airflow C may be compressed by low pressure
compressor section 44 then high pressure compressor 52,
mixed and burned with fuel in combustor 56, then expanded
over high pressure turbine 54 and low pressure turbine 46.
Mid-turbine frame 57 includes airfoils 59 which are in the
core airflow path. Turbines 46, 54 rotationally drive the
respective low speed spool 30 and high speed spool 32 in
response to the expansion.

Gas turbine engine 20 may be, for example, a high-bypass
geared aircraft engine. In various embodiments, the bypass
ratio of gas turbine engine 20 may be greater than about six
(6). In various embodiments, the bypass ratio of gas turbine
engine 20 may be greater than ten (10). In various embodi-
ments, geared architecture 48 may be an epicyclic gear train,
such as a star gear system (sun gear in meshing engagement
with a plurality of star gears supported by a carrier and in
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meshing engagement with a ring gear) or other gear system.
Geared architecture 48 may have a gear reduction ratio of
greater than about 2.3 and low pressure turbine 46 may have
a pressure ratio that is greater than about five (5). In various
embodiments, the bypass ratio of gas turbine engine 20 is
greater than about ten (10:1). In various embodiments, the
diameter of fan 42 may be significantly larger than that of the
low pressure compressor section 44, and the low pressure
turbine 46 may have a pressure ratio that is greater than
about five (5:1). Low pressure turbine 46 pressure ratio may
be measured prior to inlet of low pressure turbine 46 as
related to the pressure at the outlet of low pressure turbine
46 prior to an exhaust nozzle. It should be understood,
however, that the above parameters are exemplary of various
embodiments of a suitable geared architecture engine and
that the present disclosure contemplates other turbine
engines including direct drive turbofans.

In various embodiments, the next generation of turbofan
engines may be designed for higher efficiency which use
higher pressure ratios and higher temperatures in high
pressure compressor 52 than are conventionally experi-
enced. These higher operating temperatures and pressure
ratios may create operating environments that may cause
thermal loads that are higher than the thermal loads con-
ventionally experienced, which may shorten the operational
life of current components.

FIG. 2A illustrates a system for forming a seal including
a rotating blade 200 and an abradable material housing 202
of, for example, compressor section 24 or turbine section 28.
Rotating blade 200 may be a rotor blade such as within
compressor section 24 or turbine section 28 of gas turbine
engine 20. Rotating blade 200 may be any component
adapted to form a seal with an abradable material, such as a
seal positioned about axis A-A'. In this regard, rotating blade
200 may be any member configured to rotate about an axis,
and as such, rotating blade 200 may rotate about an axis 201.
The system of FIG. 2A may be used to seal a first area on
a first axial side of a rotating part, such as rotating blade 200,
from a second area on a second axial side of the rotating
blade.

FIG. 2B illustrates a portion 204 of the system of FIG. 2A
including the interface of rotating blade 200 and abradable
material housing 202. Abradable material housing 202 may
be stationary relative to rotating blade 200 such that abrad-
able material housing 202 does not rotate about the axis.
Abradable material housing 202 may house rotating blade
200. Abradable material housing may include an abradable
material 206. Rotating blade 200 may include an abrasive tip
208. Abrasive tip 208 may include the same composition as
the rest of rotating blade 200, or the end of rotating blade
200 may be strengthened by adding a coating, heat treat-
ment, or the like to form abrasive tip 208.

When rotating blade 200 rotates about axis 201, abrasive
tip 208 may abrade abradable material 206, causing portions
of abradable material 206 to break away from the rest of
abradable material 206. After a period of time, abradable
material 206 has a shape such that abradable material 206 is
adjacent abrasive tip 208, such that abradable material 206
is actually or almost directly in contact with abrasive tip 208.
This close proximity creates an effective seal around rotating
blade 200.

Abrasive tip 208 may be formed from a metal such as a
nickel or cobalt based super alloy, an austenitic nickel-
chromium-based alloy such as Inconel™ which is available
from Special Metals Corporation of New Hartford, N.Y.,
USA, composite materials, and other suitable materials.
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It is desirable for abrasive tip 208 to abrade (i.e., cause
partial wear to) abradable material 206. When force is
applied by abrasive tip 208 to abradable material 206 (or
vice versa), it is desirable for more of abradable material 206
to become removed than abrasive tip 208.

FIG. 3 illustrates a block diagram of abradable material
206. Abradable material 206 includes a matrix material 300
interspersed with a filler material 302. Matrix material 300
may include a metal having a sufficient hardness and tensile
strength, such that abradable material 206 may substantially
retain its form when exposed to high temperatures and
pressures.

It was generally believed in the industry that when
abrasive tip 208 contacted abradable material 206, portions
of abradable material 206 were removed based on filler
material 302. A matrix material was selected having a high
tensile strength and/or a high yield strength. This selection
was made because it was believed in the industry that the
filler material was sufficient to cause portions of the abrad-
able material to be removed with limited damage to the
abrasive tip, and that the high tensile strength would prevent
damage to the abradable material. However, during normal
wear, the abrasive tip in such configurations caused particles
of the matrix material to become removed instead of por-
tions of the filler material. Thus, the wear impact between an
abrasive tip and an abradable material during normal use
(i.e., a non-high interaction event) is a function of the
hardness of matrix material 300.

Accordingly, the likelihood of damage to an abrasive tip
may be reduced by forming a matrix material from a softer
material than the abrasive tip. Therefore, according to the
disclosure, abrasive tip 208 is comprised of a harder material
than matrix material 300. With this configuration, more
material will be removed from abradable material 206 than
abrasive tip 208 during an interaction.

Intended operating temperatures in an area proximate
rotating blade 200 and abradable material housing 202 may
vary. For example, the temperatures may vary from -40
degrees Fahrenheit (-40° F., -40° C.) up to about 1500° F.
(815° C.), based on numerous factors. Additionally, friction
between abrasive tip 208 and abradable material 206 may
cause the immediate temperatures around abrasive tip 208
and abradable material 206 to increase over the intended
operating temperatures by another 1000° F. (5§38° C.). Thus,
the temperatures around abrasive tip 208 and abradable
material 206 may vary from -40° F. (-40° C.) to 2500° F.
(1371° C.). The specific temperature ranges may be further
limited based on the position of rotating blade 200 and
abradable material housing 202 within gas turbine engine
20. For example, ambient temperatures are higher in high
pressure compressor 52 than low pressure compressor 44.

In various embodiments, abrasive tip 208 may include an
austenitic nickel-chromium-based alloy, such as a compo-
sition that by weight contains between 17% and 21%
chromium, between 2.8% and 3.3% molybdenum, between
50% to 55% nickel, and between 4.75% and 5.5% niobium.
Such a composition is sold commercially as INCONEL 718
by the Special Metals Corporation Huntington, W. Va., USA.
Filler material 302 may be a material such as hexagonal
boron nitride (hBN). A desirable matrix material 300 for use
with an Inconel™ 718 abrasive tip 208 is CusAl. Other
desirable alloys for matrix material 300 may include
CugAl,Fe, CuygNi, and variants of nickel and copper alloys.
Matrix material 300 may include any of a group of nickel
alloys comprising up to 67 percent (67%) nickel as well as
copper and small amounts of iron, manganese, carbon and
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silicon, such as Monel™ alloys, which are available from
Special Metals Corporation of New Hartford, N.Y., USA.

Abrasive tip 208 may contact abradable material 206 at
any temperature within a given range. The hardness of the
materials of abrasive tip 208 disclosed may be greater than
the hardness of the materials of matrix material 300 for all
temperatures within the given range for the particular pair-
ing of rotating blade 200 and abradable material housing
202.

The tensile strength of abrasive tip 208 may be greater
than the tensile strength of matrix material 300 for all
temperatures within the given range for the particular pair-
ing of rotating blade 200 and abradable material housing
202.

However, during normal operation of a gas turbine
engine, force may be applied to abradable material 206 by
airflow and debris. It is desirable for matrix material 300 to
have a sufficient tensile strength such that this airflow and
debris will not damage abradable material 206. In various
embodiments, it is desirable for the tensile strength of
abradable material 206 to be between 1000 psi and 3000 psi
(between 6.9 Megapascal (Mpa) and 20.7 Mpa). This tensile
strength of abradable material 206 may be sufficient to
reduce the likelihood of damage to abrasive tip 208 or
rotating blade 200 during a high interaction rate event and to
reduce the likelihood of damage to abradable material 206
via airflow and debris. The above-referenced materials for
matrix material have sufficient tensile strength to resist
damage from debris and still have a lower tensile strength
than the material of abrasive tip 208.

Matrix material 300 may be single phase material such
that it includes a single crystal structure within the particular
range of temperatures. An intermetallic structure may not be
desirable as it may include multiple crystal structures within
the range of temperatures. A change in crystal structure may
be associated with a volume change of the material. In
response to a volume change, stresses may be induced in the
material. By using a single phase material, the likelihood of
these stresses is reduced.

The above-disclosed materials are predominately single
phase structure materials, such that the crystal shape does
not change up to their melting point. Additionally, these
materials have no phase changes within the operating tem-
peratures. This reduces the likelihood of thermal cycle
induced failures. Because these materials do not change
phases within the operating temperature range, their volume
remains substantially constant, thus reducing the likelihood
of structural issues.

Matrix material 300 may have a lower melting point than
abrasive tip 208. This reduces the likelihood that abrasive tip
208 will fail in response to a critical temperature being
reached. As mentioned above, in response to friction
between abrasive tip 208 and abradable material 206, addi-
tional heat may be generated. When two materials are in
friction, causing heat, if one material melts, the friction heat
ceases to exist. Therefore, if matrix material 300 has a lower
melting point than abrasive tip 208, matrix material 300 will
change states, thus reducing the temperature and the likeli-
hood of failure of abrasive tip 208.

The melting points of the above-disclosed materials are
between 1832° F. and 1922° F. (1000° C.-1050° C.). This is
greater than 25% lower than the melting point of Inconel™
718 which is about 1350° C. Because the melting point is
lower for these materials than Inconel™ 718, their strength
will go to 0 at the melting point, which is well before the
melting point of Inconel™ 718, meaning that they will melt
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and friction temperatures will be reduced well before the
melting point of Inconel™ 718.

Matrix material 300 may have a yield strength that is at
least twenty five percent (25%) lower than that of abrasive
tip 208. The yield strength of matrix material 300 may be at
least 25% lower than that of abrasive tip 208 over the
temperature range. Using the above-disclosed materials,
volumetric wear between abradable material 206 and abra-
sive tip 208 may be at least 90% attributed to abradable
material 206 and less than 10% attributed to abrasive tip
208, meaning at least 90 percent of the volume lost during
an interaction will be from abradable material 206.

The above-referenced materials for matrix material 300
are ductile and have sufficient tensile strength to resist
erosion and cracking within the operating temperatures. Yet
another benefit is that these materials have a lower tensile
strength and hardness than Inconel™ 718 at any tempera-
ture, meaning that use of these materials reduces the like-
lihood of damage to abrasive tip 208.

Other compounds which may be well suited for matrix
material 300 may include alloys including copper, nickel,
cobalt and chromium. When combined, these elements form
alloys with a wide range of melting points with ductile single
phase structure.

Aluminum may be added to these alloys in order to add
oxidation resistance. However, aluminum addition should be
limited to prevent excessive formation of intermetallic com-
pounds that may harden and make matrix material 300
become more brittle and/or include multiple phases within
the desired temperature range. For example, an alloy of the
above-mentioned materials having 8% weight or less of
aluminum (i.e., of any volume of the alloy, the weight of the
aluminum will comprise 8% or less of the total weight of the
volume) should sufficiently reduce the likelihood if exces-
sive formation of intermetallic compounds. In particular,
iron added to an alloy having aluminum may suppress the
formation of intermetallic material, thus allowing a higher
weight percent of aluminum to be used without formation of
intermetallics. Additionally, iron may help to suppress the
melting point of an alloy containing aluminum.

With reference to FIGS. 2A, 2B and 3, rotating blade 200
and/or abradable material housing 202 may shift relative to
axis 201, possibly causing a high interaction event. In these
situations, it is desirable to reduce damage to rotating blade
200. With reference to FIG. 3, filler material 302 may
comprise a material that is softer, that is, structurally weaker,
than matrix material 300 and material of abrasive tip 208. In
this manner, when rotating blade 200 and/or abradable
material housing 202 suddenly shift relative to axis 201,
abrasive tip 208 may cause splats of abradable material 206
to become removed because of filler material 302, thus
reducing the likelihood of damage to abrasive tip 208, and
thus rotating blade 200. Thus, it is still desirable for abrad-
able material 206 to include filler material 302, as filler
material 302 is structurally weaker than matrix material 300
and allows splats of abradable material 206 to become
removed in response to a high impact collision with abrasive
tip 208.

Benefits, other advantages, and solutions to problems
have been described herein with regard to specific embodi-
ments. The scope of the disclosure, however, is provided in
the appended claims.

The invention claimed is:

1. A wear resistant seal system, adapted for resisting wear
of a rotating part in a gas turbine engine as it rotates against
a stationary part in the engine, the system comprising:
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an axially rotable member including an abrasive tip

having a first tensile strength; and

a stationary structure radially exterior and adjacent to the

rotable member, the stationary structure including an

abradable material that includes:

a matrix material having a second tensile strength that,
at least in a first temperature range, is lower than the
first tensile strength, wherein the matrix material
includes at least one of CuSAl, CugAl,Fe or Cu,Ni;
and

a filler material interspersed with the matrix material.

2. The wear resistant seal of claim 1, wherein the rotating
member is a blade and the stationary member is a blade
housing.

3. The wear resistant seal of claim 1, wherein the matrix
material has a single phase up to an onset of melting.

4. The wear resistant seal of claim 1, wherein a first
melting point of the matrix material is lower than a second
melting point of the abrasive tip.

5. The wear resistant seal of claim 1, wherein a first yield
strength of the matrix material is at least 25 percent lower
than a second yield strength of the abrasive tip.

6. The wear resistant seal of claim 1, wherein, in response
to an interaction between the abradable material and the
abrasive tip, at least 90 percent of volumetric loss is attrib-
uted to the abradable material.

7. The wear resistant seal of claim 1, wherein the matrix
material has a third tensile strength that, in a second tem-
perature range, is lower than the first tensile strength.

8. The wear resistant seal of claim 1, wherein the filler
material is structurally weaker than the matrix material.

9. The wear resistant seal system of claim 1, wherein a
first yield strength of the matrix material is at least 25
percent lower than a second yield strength of the abrasive
tip.

10. A wear resistant seal system, adapted for resisting
wear of a rotating part in a gas turbine engine as it rotates
against a stationary part in the engine, the system compris-
ing:

an airfoil configured to rotate about an axis in a compres-

sor or a turbine of the gas turbine engine;

an abrasive tip positioned on the airfoil and having a first

tensile strength; and

a stationary structure radially exterior and adjacent to the

airfoil, the stationary structure including an abradable

material that includes:

a matrix material having a second tensile strength that,
at least in a first temperature range, is lower than the
first tensile strength, wherein the matrix material
includes at least one of CusAl, CugAl, Fe, or Cu,gNi,
and

a filler material interspersed with the matrix material.

11. The wear resistant seal system of claim 10, wherein
the second tensile strength is lower than the first tensile
strength between -40 degrees Fahrenheit and 1,922 degrees
Fahrenheit.

12. The wear resistant seal system of claim 10, wherein
the matrix material has a single phase up to an onset of
melting.

13. A wear resistant seal system, adapted for resisting
wear of a rotating part in a gas turbine engine as it rotates
against a stationary part in the engine, the system compris-
ing:

an axially rotable member having an abrasive tip com-

prising a composition that by weight contains between

17% and 21% chromium, between 2.8% and 3.3%
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molybdenum, between 50% to 55% nickel, and
between 4.75% and 5.5% niobium; and

a stationary structure radially exterior and adjacent to the
rotable member, the stationary structure including an
abradable material that includes a matrix material com- 5
prising CusAl, CugAl,Fe, or Cu,gNi.
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